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Background: Currently, there is a demand for new antidiabetic drugs from natural ther-
apeutic agents, and diabetes mellitus disease is global epidemic. The leaf of Hypoestes
forskaolii has been used in the traditional health system for the management of diabetes
mellitus in Ethiopia and Eritrea. The aim of this study was to evaluate in vivo antidiabetic,
antihyperlipidemic and in vitro antioxidant activity of leaf extract and solvent fractions of the
leaf of H. forskaolii (Vahl) in mice.

Methods: The blood glucose-lowering activities of leaf extract and solvent fractions of the
leaf of H. forskaolii were screened in the normoglycemic, glucose loaded, and streptozoto-
cin-induced diabetic mice models. In the treatment of streptozotocin-induced diabetic mice
with leaf extract and solvent fractions, weight and lipid profile was measured. Antioxidant
activity of the plant leaf extract was determined using DPPH assay.

Results: The leaf extract of H. forskaolii showed significant blood glucose reduction in the
normoglycemic model and glucose loaded test at doses of 200 mg/kg (34.1%, p < 0.001 and
55.5%, p < 0.001), respectively, as compared to the normal control. In the streptozotocin-
induced diabetic model, extract and solvent fractions significantly (p < 0.001) reduced blood
glucose level at all tested doses (100mg/kg, 200mg/kg and 400mg/kg) on the 14th day as
compared to diabetic control. In addition, a significant reduction (p < 0.001) of serum TC,
VLDL, LDL, TG was observed. In the antioxidant activity test, the ICs, values of extract and
a standard drug (ascorbic acid) were 4.87ug/mL and 15.7ug/mL, respectively.
Conclusion: The present study showed that the methanolic leaf extract and solvent fractions
of H. forskaolii have antidiabetic, and antioxidant activity that provides a scientific support
for the local use of the plant leaves in the treatment of diabetes.
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Background

Diabetes mellitus is a metabolic disorder featured by chronic hyperglycemia with
disturbances of carbohydrate, fat, and protein metabolism resulting from abnorm-
alities in insulin secretion, insulin action, or both." According to an IDF report 463
million people with diabetes in the world in 2019, it will rise to 578 million by 2030
and the number will rise to 700 million people with DM in 2045.% Diabetes mellitus
is known to cause hyperlipidemia through various metabolic derangements, which
is found in about 40% of diabetic patients and diminishing antioxidant defense
mechanism through the process of chronic oxidative stress due to hyperglycemia,

which in turn causes defective insulin gene expression and insulin secretion as well
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as increased apoptosis this is the fact linking diabetes
mellitus with oxidative stress.**

Even though insulin therapy and oral hypoglycemic
agents are the first-line treatment for diabetes mellitus,
they have some side effects and fail to significantly alter
the course of diabetic complication.” This limitation of
currently available oral anti-diabetic agents either in
terms of efficacy/safety coupled with the emergence of
the disease into global epidemic have encouraged alterna-
tive therapy that can manage diabetes more efficiently and
safely.®

H. forskaolii belongs to the family of Acanthaceae.” In
Ethiopia and Eritrea, the leaf of the plant has been used
traditionally for the management of diabetes mellitus with-
out scientific evidence of its safety or efficacy.®’ Of the
identified,
Diterpene compounds were previously isolated from the

phytochemical  compounds fusicoccane
methanol root extract, and it has verified antioxidative and
cytotoxic and genotoxic activities.'” To the best of the
authors’ knowledge, there are no previous scientific
reports on the antidiabetic activity of H. forskaolii.
Therefore, this study aimed evaluation of antidiabetic and
antioxidant activity of leaf extract and solvent fractions of

hypoestes forskaolii (Val) (Acanthaceae) in mice.

Methods

Materials and Methods

Chemicals and Instruments

The following drugs, chemicals, and instruments were
used in the study. Streptozotocin (Fisco Research labora-
tories, India), glibenclamide (Julphar pharmaceuticals,
Ethiopia), citric acid (Lab tech chemicals, India), ascorbic
acid (Blulux Labratories, India), n-hexane (Loba chemie,
India), chloroform (Aristar, England), sodium hydroxide
India), DPPH (Sigma-Aldrich,
Germany), sodium citrate (Lab tech chemicals, India),

(BluluxLabratories,

Methanol (Nice chemicals, India), 5% glucose solution
(Reyoung pharmaceuticals, China), What man filter paper
No.1, test tube, beakers, funnels, measuring cylinder, glass
rod, spatula, pipettes, gavages (oral feeding syringes),
Syringes (1 mL, 3 mL, and 5 mL) with needles, desicca-
tors, digital analytical balance (EPH-400 Abron Exports),
pH meter (Bante Instruments, UK), Sensor Card gluc-
ometer and strip (Alliance international, Taiwan),
Lyophilizer (Labfreez, China), Hot air oven (Medit-
Medizin Technik, Germany), Automated chemistry analy-

zer (Beckman coulter, Germany), UV-spectrophotometer

(Agilent Technologies, Malaysia), rotary evaporator
(Hamato, Japan), Tween-80 (Avishkar Lab Tech chemi-
cals, India). All chemicals used were of analytical grade.

Plant Material

The fresh leaves of H. forskaolii were collected from the
Dugda district (located in East Shewa Zone of Oromia
Region, 135 km south of Addis Ababa). The plant material
was identified and authenticated by Mr. Abiyu Enyew
(botanist) and the voucher specimen (001/WWJ/2020)
was deposited in the herbarium of the biology department,
faculty of natural and computational science, University of
Gondar. The leaves of the plant were thoroughly washed
with tap water to remove dirt and dried under shade and
optimal ventilation. The dried leaves were pulverized to a
coarse powder using mortar and pestle.

Extraction and Fractionation

Extraction

A total of 1.1 kg of powder was macerated in 80% metha-
nol (250 g in 1500 mL) in an erlenmeyer flask for 72 hours
with occasional stirring at room temperature. After 72
hours, the mixture was filtered first with a muslin cloth
and then by Whatman filter paper No. 1. The filtrate was
kept in a refrigerator at 4°C while the marc was re-macer-
ated twice for 72 hours using the same volume of 80%
methanol to exhaustively extract the plant material. The
combined filtrate obtained from successive maceration was
concentrated under reduced pressure using a rotary eva-
porator (Hamato, Japan).

The extract was further concentrated to dryness by
freeze-drying using a lyophilizer (Labfreez, China) to
remove water solvent. After drying, the amount of dry
extract obtained was harvested and the dried extract was
transferred into airtight bottles and stored in a refrigerator
at 4°C until used."'

Fractionation

Solvent fractionation of the leaf extract was carried out
using water, chloroform, and n-hexane. Briefly, 65 gm
extract was suspended in 400 mL of distilled water and
transferred to a separating funnel. An equal volume of n-
hexane was added to it and it was shaken vigorously. The
mixture formed two layers; n-hexane, and aqueous layers,
n-hexane layer was removed. The partition with n-hexane
was repeated again two times in the same manner. The n-
hexane layer was combined and subjected to evaporation
using a hot air oven set at 40°C to get the n-hexane
fraction. To the separating funnel containing aqueous
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layer, 400mL of chloroform was added. The mixture
formed two layers and then the chloroform layer was
removed and the aqueous layer was partitioned as with
n-hexane twice again. The chloroform layer was pooled
and concentrated using a hot air oven set at 40°C to obtain
the chloroform fraction. The remaining aqueous layer was
concentrated using a hot air oven (Medit-Medizin Technik,
Germany) set at 40°C, frozen in a refrigerator overnight
and lyophilized to remove water. After drying, the solvent
fractions obtained were put in airtight bottles and stored in
a refrigerator at 4°C until used.'?

Experimental Animals

For all the models employed in this study, except in the
cases of acute oral toxicity male mice were used because
male mice are more sensitive to STZ and insulin than
female mice.'? Healthy male Swiss albino mice (weighing
20-30 g and age of 6-10 weeks) were used in the study.'*
The animals were obtained from the pharmacology depart-
ment, University of Gondar. The animals were kept in
polypropylene cages (6—10 animals per cage) under stan-
dard conditions (12 hours light and 12 hours dark cycle)
with free access to a pellet diet and water ad libitum. They
were acclimatized to the laboratory conditions one week
before initiation of the experiment. All experiments were
performed according to the National Academy of
Sciences, Institute for Laboratory Animal Research,
Division on Earth and Life Studies, National Academy of
Sciences Guide for the Care and Use of Laboratory
Animals, National Academy of Sciences, Institute for
Laboratory Animal Research, Division on Earth and Life
Studies, Washington, DC, USA, 8th edition, 2011"> and
the
Department of pharmacology, University of Gondar.

approved by research and ethics committee,

Preliminary Phytochemical Screening of Leaf Extract
and Solvent Fractions

Leaf extract and solvent fractions of H. forskaolii were
screened for the presence or absence of secondary meta-
bolites such as alkaloids, steroidal compounds, phenolic
compounds, tannin, saponins, terpenes, and flavonoids
using standard procedures. Detection of Alkaloids
(Mayer’s Test): About 0.2g H. forskaolii leaf extract and
solvent fractions were dissolved individually in dilute
hydrochloric acid and filtered. Filtrate was treated with
Mayer’s reagent (Potassium Mercuric lodide). Formation
of a yellow-colored precipitate indicates the presence of
Alkaloids; Detection Saponins (Foam Test): 0.5 g of H.

forskaolii leaf extract and solvent fractions were shaken
with 2 mL of water. If foam was produced which persists
for 10 mins it indicates the presence of Saponins; Detection
of Tannins (Braymer’s Test: 1 mL of the H. forskaolii leaf
extract and solvent fractions were diluted with distilled
water and added with 2 drops of ferric chloride). A tran-
sient greenish to black color indicates the presence of
Tannins; Detection of Terpenoids (Copper acetate Test):
An amount of 0.8 g of H. forskaolii leaf extract and solvent
fractions were taken in a test tube, then poured 10 mL of
methanol in it, shaken well and filtered to take 5 mL leaf
extract and solvent fraction of plant sample. Then, 2 mL of
chloroform was mixed in leaf extract and solvent fractions,
and 3 mL of sulphuric acid was added in selected sample
leaf extract and solvent fractions. Formation of reddish
brown color indicates the presence of Terpenoids;
Detection of Phenols (Ferric Chloride Test): H. forskaolii
leaf extract and solvent fractions were treated with 3 to 4
drops of ferric chloride solution. Formation of bluish-black
color indicates the presence of Phenols; Detection of
Flavonoids (Alkaline Reagent Test): H. forskaolii leaf
extract and solvent fractions were treated with few drops
of sodium hydroxide solution. Formation of intense yellow
color, which became colorless upon addition of dilute
hydrochloric acid, indicates the presence of Flavonoids;
Detection of Anthraquinones: H. forskaolii leaf extract
and solvent fractions were (equivalent to 100 mg) shaken
vigorously with 10 mL of benzene, filtered and 5 mL of
10% ammonia solution was added to the filtrate. The
mixture was shaken and observed for the presence of a
pink, red or violet color in the ammonia (lower) phase that
indicates the presence of free Anthraquinones; Cardiac
glycosides (Keller killianis test): About 100mg of H. for-
skaolii leaf extract and solvent fractions were dissolved in
ImL of glacial acetic acid containing one drop of ferric
chloride solution. This was then under layer with ImL of
concentrated sulphuric acid. A brown ring obtained at the
interface would indicate the presence of a deoxy sugar
characteristic of cardenolides; and Steroids (Salkowski’s
test): About 100mg of H. forskaolii leaf extract and solvent
fraction were dissolved in 2mL of chloroform. Sulphuric
acid was carefully added to form a lower layer. A reddish-
brown color at the interface was an indicative of the pre-
sence of steroidal ring.'®

Acute Oral Toxicity Test
An acute oral toxicity test was performed based on the
OECD 425 guideline limit test procedure.'” Nulliparous,
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non-pregnant and healthy young adult female Swiss albino
mice (age of 610 weeks and 20 —30 g) were employed. On
the first day; one mouse was fasted for 3 hours before and
one hour after being provided with 2000 mg/kg of the leaf
extract/solvent fractions. Then, the mouse was observed for
physical, neurological, autonomic, or behavioral changes at
least once during the first 30 minutes, periodically for 24
hours, with special attention during the first 4 hours, and
over for 24 hours. Following the results from the first mouse,
the other four mice were recruited and fasted for 3—4 hours
and administered a single dose of 2000 mg/kg and were
observed in the same manner. They were observed for a total
of 14 days for any signs of overt toxicity determination.

Grouping and Dosing of Animals

For both normoglycemic and glucose-loaded mice model,
Swiss albino male mice fasted morning for 46 hours, but
the water was allowed ad libitum and then randomly
divided into five different groups (6 mice per group).
Group I received distilled water at 10mL/kg, group II,
received Smg/kg glibenclamide, and the remaining three
groups (III, IV & V) were treated with 100, 200, and 400
mg/kg dose of the extract, respectively.

In the single-dose STZ-induced model, mice were
fasted overnight for 14 hours and were assigned randomly
into fifteen groups (each group contained six mice). Then,
group I were treated with vehicle (distilled water, for
aqueous fraction and leaf extract), group II was treated
with vehicle (2% tween-80, for chloroform and n-hexane
fractions), group III were treated with glibenclamide 5 mg/
kg and the remaining groups were treated with the differ-
ent dose of H. forskaolii leaf extract (100, 200, and
400mg/kg); aqueous fraction (100, 200, and 400mg/kg);
chloroform fraction (100, 200 and 400mg/kg) and n-hex-
ane fraction (100, 200, and 400mg/kg).

In the repeated daily dose-treated STZ-induced model.
Mice were fasted overnight for 14 hours and were
assigned randomly into fourteen groups. Group- I received
vehicle (distilled water, for both aqueous fraction and leaf
extract, diabetic control), group-II received vehicle (2%
tween-80 for chloroform fractions, diabetic control),
group-III received vehicle (2% tween-80 for chloroform
fraction, non-diabetic control), group- IV received vehicle
(distilled water for aqueous fraction and leaf extract, non-
diabetic control), group V, received glibenclamide 5mg/kg
and the remaining groups received different dose of the H.
forskaolii leaf extract (100, 200, and 400mg/kg); aqueous

fraction (100, 200, and 400mg/kg), and chloroform frac-
tion (100, 200 and 400 mg/kg).'®

Based on the acute oral toxicity test results, the extract
and solvent fraction doses were determined, with volume
of distribution is 1 mL/100g of body weight of the mice.
The middle dose was one-tenth of the limit test, the higher
dose was two wise the middle dose and the lower dose was
the half of the middle dose.'® Glibenclamide 5 mg/kg is
selected as a standard drug for the study based on earlier
studies.”® The study was conducted using the oral route of
administration because the plant materials are traditionally
used by people via the oral route.*'

Measurement of Blood Glucose Level

To measure blood glucose, a blood sample was withdrawn
from the tail vein of each mouse by cutting the tip of the
tail aseptically in all animal models. Blood glucose levels
were measured by using blood glucose meter and it was
measured three times, then the average was taken.

Induction of Experimental Diabetes

The male Swiss albino mice fasted for 16 hours, and
body weights were recorded before the induction of
diabetes. Experimental diabetes was induced by a single
intraperitoneal injection of 150mg/ kg of STZ, freshly
dissolved in 0.1 M citrate buffer (pH = 4.5) and this
smallest single dose of STZ required to induce diabetes
in male mice.”** Thirty minutes after the administration
of STZ, mice were allowed free access to food and
water. After 6 hours’ administration of STZ, a 5% glu-
cose solution was provided to the animals for the next 24
hours to prevent death secondary to hypoglycemic shock
that is a result of hyperinsulinemia. After the three days
of STZ injection, mice were screened for the develop-
ment of diabetes, and fasting blood glucose level >200
mg/dl were included in the study as diabetes mice and
randomly assigned into different groups.’

Evaluation of the Effect of Leaf Extract of Hypoestes

forskaolii in Blood Glucose Level of Normoglycemic

Mice

Mice were grouped and treated as described in section 3.7.
Using aseptic conditions, a blood sample was collected
from tips of the tail vein of each mouse to determine
BGL. The baseline blood glucose level of each mouse
was measured just before treatment (0O hours) then, the
blood glucose level of each mouse was measured at 1, 2,
3, and 4 hours after treatment.>*
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Evaluation of the Effect of Leaf Extract of Hypoestes

forskaolii in Oral Glucose Loaded Mice

Mice were grouped and treated as described in section 3.7.
Thirty minutes before leaf extract treatment, all of the
mice were loaded with 2 g/kg glucose solution orally;
then, blood samples were collected before treatment (ie,
0 minutes), 30, 60, and 120 min after administration of
extract in order to evaluate their blood glucose level. >

Antihyperglycemic Activity of a Single Dose of the
Leaf Extract and Solvent Fractions of Hypoestes
forskaolii in Diabetes Mice

Mice were grouped and treated as described in section 3.7.
BGL was measured just before treatment (0 hours) base-
line, and then at 2, 4, 6, and 8 hours post-treatment.26

Antihyperglycemic Activity of Repeated - Dose of
Leaf Extract and Solvent Fractions of Hypoestes
forskaolii in Diabetes Mice

Fasting blood glucose level and bodyweight of mice were
measured just at day 0 (before treatment), 7th day and 14th
day of treatment following overnight fasting for 14 hours. On
the 15th day, blood sample was collected in a sterile tube by
cardiac puncture under halothane anesthesia from over fasted
(14 hours) diabetes mice. The blood sample was left at room
temperature for 2 hours and then centrifuged. The supernatant
was immediately separated from the pellet to prepare serum
samples in order to determine the level of TG, TC, HDL,
VLD, and LDL using an automated chemistry analyzer.*>~’
Antioxidant Activity of Leaf Extract of Hypoestes
forskaolii in Diphenyl-2-Picrylhydrazyl Assay

The free radical scavenging activity of the plant leaf extract
was determined according to the method described by Brand

William et al.?®

The potential antioxidant activity of leaf
extract was determined based on the scavenging activity of
the stable DPPH free radical. The solution of DPPH was
prepared (as 4mg of DPPH and dissolved in absolute metha-
nol of 100mL, each time freshly prepared and stored in a dark
and cool place). Ascorbic acid solution (6000 pg/3 mL, stock
solution) was prepared by dissolving 6 mg ascorbic acid in 3
mL of absolute methanol. From the stock solution, 62.5, 125,
250, 500, 1000, and 2000 pg/mL dilutions were prepared.
Concisely, 100 pL of test samples solution dissolved in
methanol at different concentrations (2000, 1000, 500, 250,
125, and 62.5 pg/mL) were prepared from the leaf extract of
the plant and subsequently transferred to a distinct test tube
containing 3.9 mL of a 0.004% (w/v) DPPH radicals dis-
solved in methanol in separate test tubes. After keeping the

reaction solution in dark for half an hour at room tempera-
ture, the absorbance of each solution was read at 517 nm by a
UV-spectrophotometer. Vitamin C was used as a reference
drug and examined under the same conditions. For the blank
solution, DPPH solution (methanol and DPPH) was
prepared.

IC50 is the amount of sample needed to inhibit 50%
DPPH free radicals. Radical scavenging property of the
test samples was described using percent inhibition and
computed by the equation:

Abs control — Abs test sample

%DPPH inhibition = Abs control

x 100

Where Abs control is the absorbance of the blank control
in the absence of the test sample and Abs test sample is the
absorbance of the solutions that contain test samples.

Statistical Analysis

The data were expressed as mean + standard error of
mean. Means of all parameters among groups were ana-
lyzed using ANOVA followed by the Tukey post hoc test.
Statistical package for social sciences version 23 Software
was used for statistical analysis. The result was considered
significant when p < 0.05.

Results
Preliminary Phytochemical Screening of

Leaf Extract and Solvent Fractions

Preliminary phytochemical analysis of the leaf extract and
solvent fractions of H. forskaolii showed the presence of
alkaloids, flavonoids, Terpenoids, tannins, phenolic com-
pounds, saponins, and anthraquinones as shown in Table 1.

The Effect of Leaf Extract of Hypoestes
forskaolii on Blood Glucose Level of

Normoglycemic Mice

The effect of H. forskaolii leaf extract on the blood glucose
level in normal fasted mice is shown in Table 2. Blood
glucose level of normal mice was significantly (p < 0.001)
reduced at all tested doses at all-time points except 0 hour as
compared to negative control and baseline data. On the
other hand, at a time point of 3 and 4 hours, 200 and 400
mg/kg doses showed statistically insignificant blood low-
ering effect when compared to each other. The maximum
BGL reduction was attained at the 4th hours, for CE 100,
200, 400mg/kg and glibenclamide Smg/kg with percentage
reduction of (22.95%, 34.2%, 31.1%, and 41.8%,
respectively).
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Table | Preliminary Phytochemical Screening of Leaf Extract and Solvent Fractions

Leaf Extract and Fraction
S/N Photochemical Constituent Extract Aqueous Fraction Chloroform Fraction n-Hexane Fraction
| Alkaloids + + -
2 Flavonoids + + +
3 Phenols + + -
4 Tannins - + + +
5 Saponins + - + -
6 Steroid - - - -
7 Anthraquinones + + +
8 Cardiac glycosides + -
9 Terpenoids + - - +
Table 2 The Effect of Leaf Extract of Hypoestes forskaolii on Blood Glucose Level of Normoglycemic Mice

Groups Blood Glucose Level (mg/dl) in the Different Time Interval (Hours)

0 Hour I Hour 2 Hour 3 Hour 4 Hour
DW 10mL 93.66 +0.76 90.50 + 0.88 88.0 +£0.57 86.83 £+ 0.60 84.83 +0.60
CE 100mg | 92.00 +0.85 | 83.5 4 0.83*wswkibickse 76.50 = 0.84iksbickie 73.33 + 0.7 rskibicciond 70.8 = 0.60%k#kbiickcicirt
CE 200mg | 100.1 +0.94 | 82.66 = 0.88+rswisbioricieil 76.66 + 8gFrH RO CHid 69.5 + .76+ wrPHkHkd 66.33 + 0.84%krxbiircrind
CE 400mg | 96.50 +0.76 | 81.66 & 0.66%xskrbickiciire 73.50 4 0.76¥rrrbickcixe 68.50 + (.84 HHKekbiokiC 66.50 & 0.7 krbickcid
GLC Smg 95.50 + 0.76 60.5 + 0'83***3***%*@***&**‘ 57.66 + 0.80***3***C***d***e**f 56.0 + 0'73***3***%**61***&**‘ 55.50 + 0.76***3***%*@***&*%

Notes: Values are expressed as mean = SEM (n=6 mice in each group). *Compared to the normal control; ®Compared to glibenclamide; “Compared to baseline blood
glucose level; “Compared to 100mg; “Compared to 200mg; ‘Compared to 400mg. **p<0.01; and **p<0.001.

Abbreviations: CE, crude extract; GLC, glibenclamide; DV, distilled water.

The Effect of Leaf Extract of Hypoestes

forskaolii on Oral Glucose Loaded Mice
The effects of leaf extract of H. forskaolii on oral glucose
loaded mice are summarized in Table 3. The administration
of glucose (2g/kg) to the mice showed peak BGL following
one hour after glucose loaded, confirming the induction of
hyperglycemia. The extract and GLC5Smg showed the sig-
nificant (p < 0.001) reduction in BGL from 60 minutes
onwards as compared to 30 minutes and negative control.

Besides, DW 10ml also showed significant (p < 0.05
and p < 0.01) BGL reduction starting from 60 minutes to
120 minutes, respectively, compared to 30 minutes.

Antihyperglycemic Activity of a Single
Dose of the Leaf Extract and Solvent
Fractions of Hypoestes forskaolii in

Diabetic Mice
The antihyperglycemic activity of a single dose of the leaf

extract and solvent fractions were studied in diabetic mice
and summarized in Table 4. The leaf extract, aqueous frac-
tion, and chloroform fraction showed significant (p <0.001)

BGL reduction at a dose of 200mg/kg and 400mg/kg after 4
hours of treatment as compared to diabetic control while
after 2 hours of treatment compared to baseline data. In
addition, at a dose of 100mg/kg, the extract and aqueous
fraction revealed significant (p < 0.01) BGL reduction after
6 hours of treatment compared to baseline and diabetic
control data. Moreover, GLC5mg/kg showed significant (p
< 0.001) BGL reduction beginning from 2 hours compared
to baseline as well as diabetic control. In contrast, n-hexane
fraction at a dose of 100 and 200mg/kg had no significant
effect on BGL reduction compared to both the baseline and
diabetic control. Moreover, no significant BGL reduction
was observed with 2% tween-80 and DW treated group
compared to baseline time.

The maximal percentage reduction of BGL was
observed with 48.5% in AF400mg, 46.4% in CE400mg,
and 49.9% in GLCS5mg treated group at the 8th hour
compared to the respective.

Baseline line and the low BGL reduction were
observed with HF100mg/kg, HF400mg/kg and
HF200mg/kg with 22.5%, 22.12%, and 26.23% blood

glucose level reduction.
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Table 3 The Effects of the Leaf Extract of Hypoestes forskaolii on Oral Glucose Loaded Mice

Groups Blood Glucose Level (mg/dl) in Different Time Interval (Minutes)

0 Minutes 30 Minutes 60 Minutes 120 Minutes
DW 1 0ml 85.0 + .56 132.7 £0.76 127.5 + 0.60% 118.50 4 0.42%
CEI00mg 84.33 +0.66 135.3 +0.55 85.00 = 0.57wwiekbirciiod 71.66 + 0,80 xbikciid
CE200mg 86.33 £ 0.49 142.5 + 0.65 72.5 £ 0.54 kbl 64.0 £ 0.57kxawirbiskiCordionil
CE400mg 87.5+0.60 148.3 +0.76 92.0 + 0,57 rrbiicirdiire 81.50 = (.76 Hekrbisrcipidicire
GLC5mg 83.3+0.55 126.16 + 0.47 78.0 £ 0.57#ksdwikcrik et 59.16 & 1.0 ¥rdirciikdioresid

Notes: Values are expressed as mean + SEM (n=6 mice in each group). *Compared to the normal control; "Compared to glibenclamide; “Compared to 30 minutes;
dCompared to 100mg; “Compared to 200mg; ‘Compared to 400mg. *p<0.05; **p<0.01, and ***p<0.001.
Abbreviations: CE, crude extract; GLC, glibenclamide; DV, distilled water.

Table 4 Single Dose Antihyperglycemic Effect of Leaf Extract and Solvent Fractions of Hypoestes forskaolii in Diabetic Mice

Group Blood Glucose Level(mg/dl) at Different Time Interval (Hours)

0 Hours 2 Hours 4 Hours 6 Hours 8 Hours
DW I0ml 3405+ 3.18 353.0 +0.93 357.66 4 0.7 357.33 + 0.84 359.65 + 0.42
CE100mg 3363+ 1.42 29234+ 1.20 226.6 +0.88 216 4 0.57%xib [91.1 £ 07070
CE200mg 3288+ 1.16 288.66 & |.| |*#® 236.6 + 0.88+rriHd 205.6 + 0.88#rHixd 185.50 = 0.7 +k+kib
CE 400mg 3314+ 1.45 289.50 & |.| |*#® 240.3 + | Q5#wRRIE 182.66 + 0.76%xriHd 176.50 + 0.76¥#sw0b
AF100mg 34333 +0.88 291.00 + 1.06 2253 +0.76 213.8 4 0.94%xib 193.3 £ 0,88k
AF200mg 3492+ 1.75 288.5 + |.04%xb 235.75 4 || Qerbrma 204.50 & | 32kwrapnd 186.50 + |.04#r@rixd
AF400mg 347.00 + 1.00 297.50 £ 2.64%% 243.00 4 3.0 | rard 187.16 + 5.24%w@wikd 180.83 + |.92%wi@rixd
CF100mg 348.66 + 1.45 291.0 +£0.96 221.50 + 0.6 210.00 + 1.06 184.66 + 0.66
CF200mg 347.83 + 1.47 285.00 £ .57+ 233.50 4 0.95%#r3kib 189.66 + 0.89+ri@witd 174.66 + (.88 *#rwiid
CFF400mg 353.5+ 1.25 297.50 £ 2.1 4% 244.5 + (.77 210.0 + |.06¥weexd 180.50 + 0.76+x@rkHd
HF100mg 3303+ 1.15 3175+ 111 290.1 + 1.01 2653+ 1.22 256.00 + 0.89
HF200mg 338.50 + 0.76 315.00 + 0.96 260.5 + 0.99 254.1 +0.79 249.6 + 1.2
HF400mg 336.6 + 1.05 320 £ 0.57%k> 269.5 4 0.76%w0 265.1 & |.0|Fwkwed 263.00 + 1.63%wk%P
2%Tween-80 3415+ 1.60 338.66 + 0.98 34121+ 1.42 342.1 £ 1.53 3433+ 1.23
GLC5mg 343.0+ 1.18 284.1 4 0.83%rweid 190.5 = || |#ssiied 184.5 £ 0.76+kH2kxb 171.83 4 (.79#kkRkxb

Notes: Values are expressed as mean + SEM (n=6 mice in each group). *Compared to diabetes control; ®Compared to baseline blood glucose level. *#p<0.01, and

#9%5<0,001.

Abbreviations: CE, crude extract; AF, aqueous fraction; CF, chloroform fraction; HF, n - hexane fraction; DC, diabetes control; GLC, glibenclamide.

The Effect of Repeated Doses of Leaf
Extract and Solvent Fractions of
Hypoestes forskaolii in Diabetic Mice

The effect of repeated doses of leaf extract and solvent frac-
tions of H. forskaolii in diabetes mice has been shown in
Table 5. Streptozotocin-induced mice showed a significant
(p <0.001) difference in BGL as compared to normal control
at day zero. The leaf extract and chloroform fraction showed
significant ((»p <0.01 and p < 0.001) BGL reduction at a dose
of 200mg and 400mg/kg on the 7th and 14th days, respec-
tively, as compared to diabetic control. Besides, the leaf
extract and chloroform fraction, at a dose of 100mg/kg

showed significant (p < 0.05 and p < 0.01) BGL reduction
at the 7th and 14th days, respectively, compared to diabetic
control. Besides, treatment with all tested doses of aqueous
fraction and GLC5mg/kg showed a significant (p < 0.001)
reduction of BGL at the 7th and 14th days as compared to
diabetic control. Moreover, at all the tested dose of leaf
extract, GLC Smg/kg, and solvent fractions showed signifi-
cant (p < 0.001) BGL reduction compared to baseline at 14th
days. In contrast, diabetic control and the normal control
group showed statistically insignificant BGL reduction on
the 7th and 14th days compared to the respective baseline
level.
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Table 5 The Effect of Repeated-Dose of Leaf Extract and Solvent Fractions of Hypoestes forskaolii in Diabetic Mice

Groups Blood Glucose Level in mg/dl (% Reduction)

Day 0 Day 7 Day 14
NCDW I 0ml 86.83 & 0.47++ 85.8 £ 0.30%4+ (| 5) 87.33 + .88+ (—0.66)
NC 2% T80 88.5 & 0.76++ 87.5 £ 0.76%+ (1.1) 87.83 & |16 (0.74)
DC DW 0ml 340.5 + 3.18%kb 359.3 + 0.88%+° (-5 5) 363.16 & 0.94°%°(—6.7)
DC 2% T80 341.5 & 1,97+ 359.65 4 0.7 %+ (-5.33) 362.5 4 0.76¥° (=6.7)
CE100mg 336.33 4 1.43%0 203.66 + 2.33*<0H0 (39 44) 192.00 = 1.63#xesbieric (42 91)
CE200mg 328.8 & 2.46%H° 212.16 + 2.1 Freribre (35 46) 185.83 - || gwrribaric (43 48)
CE400mg 331.4 4 | 43w 195.00 4 |.93#setrbionic (4] |3) 181.16 & |.1gwerribiric (45 31)
AF100mg 343.33 4 0.88%° 219.00 + 3.85¥wribirie (36 20) 200.66 + | .85¥FRdRIC (4] 54)
AF200mg 349.2 4 185wk 217.00 + 2.67*krkbirie (37 g0) 191.33 & | 45wtiribioric (45 1)
AF400mg 347.00 & 1.35%8 204.16 + | 8¥wrrIdERC (40 9) 180.0 + 2.26¥Frapbrtc (47 92)
CF100mg 348.66 + | 420 212.5 4+ 2,13 (36.91) 192 + 1,637+ (42.91)
CF200mg 347.83 4 2,08+ 203.7 4 2.33Frdric (39 02) 185.8 £ || grrapibiiic (44 36)
CF400mg 353.5 4 2.39%k0 195.00 4 |.93#kibdionic (4] |3) 81 £ |.|gerpisdiiie (45 3])
GLC5mg 343.0 + |.18%kP 172.00 £ 1.82¥sHribinke (49 85) 160.65 + | .40%sH=rxbiixe (53 |)

Notes: Values are expressed as mean + SEM (n = 6 mice in each group). *Compared to diabetes control; "Compare to normal control; “Compared to day zero (baseline

blood glucose level); *p<0.05, **p<0.01, and ***p<0.001.

Abbreviations: CE, crude extract; AF, aqueous fraction; CF, chloroform fraction; DC, diabetes control; GLC, glibenclamide; DVY, distilled water; NC, normal control; T80,

tween 80.

The highest BGL reduction was achieved by the three
highest doses of leaf extract and each fraction at 14 days
with the percentage reduction of BGL (45.3%), 45.31%),
(47.92%) for leaf extract, chloroform fraction, and aqu-
eous fraction, respectively.

The Effect of Leaf Extract and the Solvent

Fraction of Hypoestes forskaolii on Body
Weight of Diabetic Mice

The effects of the leaf extract and solvent fractions on body
weight in diabetic mice are shown in Table 6. All groups before
leaf extract and solvent fractions administration (day 0)
showed no apparent difference in the bodyweight compared
to normal control. All the tested doses of the leaf extract,
solvent fractions of chloroform, and aqueous showed signifi-
cant (p < 0.001) body weight improvement after the day 7th of
treatment compared to the diabetic control. Moreover, gliben-
clamide significantly (P<0.01 and p < 0.001) improved the
body weight after the day 7th of treatment as compared to
diabetic control. In contrast, the bodyweight of the diabetic
control was decreased significantly (p<0.001) after the day 7th
of treatment compared to the normal control group.

Table 6 The Effect of Leaf Extract and Solvent Fractions of
Hypoestes forskaolii on Body Weight of Diabetic Mice

Groups Body Weight of Mice (Gram)

Day 0 Day 7 Day 14
NC DWI0ml | 27.83 +0.87 28.00 + 0.85** 28.66 £ 0.55%
NC 2% T80 27.65 +0.84 28.00 + 0.73** 28.5 + 092
DCDW I10ml 27.16 +0.83 22.5 4 0.56%%+° 22.00 + 0.44%%°
DC 2% T80 26540.76 24.5 4 0.76%> 23.33 + 0.66%°

CEI00mg 25.83 £0.79 26.83 £ 0.30%+ 27.16 £ 0.30%+
CE200mg 28.16 £ 1.19 29.83 £ 0.90%* 30.0 £ 0.73%k@
CE400mg 26.50 £0.76 28.66 + 0.66% 29.16 £ 0.70%+
AF100mg 27.00 +0.85 28.33 £ .02 28.83 £ 0.79%+
AF200mg 27.15 £ 0.60 29.00 £ 0.72%% 29.33 + 0667+
AF400mg 26.5 +0.84 28.33 £ .05+ 29.33 4 84%K0
CF100mg 28.00 £ 0. 57 30.16 £ 0.30%*< 30.66 + 0.55%
CF200mg 27.5+0.92 29.15 £ 0.79%k2 31.5 £ 0. 54k
CF400mg 27.33£0.71 29.65 + 0. 66%++* 31.83 4 0.87+0k
GLC 5mg 2833+ 1.20 305+ 1.0+ 31.5 £ 0.60%

Notes: Values are expressed as mean + SEM (n = 6 mice in each group).
*Compared to the diabetic control; ®Compared to the normal control. *p<0.05;
*#p<0.01, and **¥p<0.001.

Abbreviations: CE, crude extract; AF, aqueous fraction; CF, chloroform fraction;
DC, diabetes control; NC, normal control; GLC, glibenclamide; DVV, distilled
water; T80, tween 80.
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The Effect of Leaf Extract and Solvent
Fractions ofHypoestes forskaolii on Lipid

Profile of Diabetic Mice

There was a significant (P<0.001) elevation of TC, LDL,
VLDL, and TG level with significant (p < 0.001) reduction in
HDL cholesterol in diabetic controls of each group of a fraction
compared normal control, confirming the induction of diabetic
dyslipidemia as shown in Table 7. The aqueous fraction at a
dose of 100 mg/kg showed a significant reduction of STC and
LDL (p <0.01 and p < 0.001), respectively, compared to the
diabetic control group. Besides, at a dose of 200mg/kg showed
a significant (p < 0.001) reduction in serum level of TG and a
significant (p < 0.05) increment in serum level of HDL-c
compared to diabetic control. At all the tested doses of leaf
extract (CE100, CE200, and CE400), chloroform fraction
(CF100, 200, 400), and GLCS to diabetic mice for 14 days
showed a significant (p <0.001) in a dose-dependent reduction
in the serum level of TC, TG, LDL, and VLDL at the same
time increasing HDL level compared to the diabetic control.

Antioxidant Activity of Leaf Extract of
Hypoestes forskaolii in Diphenyl-2-
Picrylhydrazyl Assay

The antioxidant activities for leaf extract of H. forskaolii
as well as the standard drug which is ascorbic acid, the

least %RSA was obtained at the lowest test concentration
(62.5ug/mL) while the highest %RSA was obtained at the
highest test concentration (2000 pg/mL) antioxidant activ-
ity of the leaf extract was increased in a concentration-
dependent manner like ascorbic acid (Figure 1). The IC50
for extracts was 15.7 pg/mL and for that of ascorbic acid
was 4.87ug/mL (Figure 2). All tests were independently
performed in triplicate and the definition of IC50 values of
the tested compounds in the concentration required
scavenging 50% of DPPH free radicals.

Discussion

The present study aimed to investigate the antidiabetic and
antioxidant activity of the 80% methanolic leaf extract and
solvent fractions of H. forskaolii on normal and diabetic
mice. Streptozotocin was used to induce diabetes in the
current study. Streptozotocin is a potent methylating agent
for DNA and acts as a nitric oxide donor in the pancreatic
cells. Pancreatic cells are particularly sensitive to damage
by nitric oxide (via inhibition of aconitase activity) and
free radicals because of their low levels of free radical
scavenging enzymes.*’

The acute oral toxicity profile of the methanolic leaf
extract of H. forskaolii was determined based on OECD
guidelines 2008:425.%° At a dose of 2 g/kg; mortality and
any toxicity were not observed. This suggests that the

Table 7 The Effect of Leaf Extract and Solvent Fractions of Hypoestes forskaolii on the Lipid Profile of Diabetic Mice

Groups STC (mg/dl) TG (mg/dl) LDL (mg/dl) VLDL (mg/dl) HDL (mg/dl)
NC DWI0ml | 89.50 + |.[4%%< 76.16 4 1 0% 35.66 + 0.98% 18.00 + 0.73%k+ 35.83 & 0.87++
182.00 + 1.00%+ 171.3 4 1.45%0 126.83 + | .44%0b 33.00 + 0.93%+° 22.16 £ 1.7+
NC2%T80 85.00 = 0.89%+ 77.5 + 0.88%% 33.16 + 0.87% 17.83 + 0.70%k+ 34.00 + 0,57+
DC2%T80 186.16 + 0.98%x 174.5 4 0.88%xb 127.66 + 0.9 |+ 33.83 + |.07%0° 24.66 + 0.66™+°
CEI00mg 171.83 + 2.53##3wrib 150.33 £ 1.28#ks3erid | 12,33 4 0,880 | 99 |6 4 | 24x3pi® | 3033 4 | 053w
CE200mg 165.66 £ 1.92%@d | 142 33 4 | 72wwidpd 105.50 + |.60%H0 | 96 66 4+ 0,95%k#ekx2 | 3350 4 | 5%k
CE400mg 163.16 £ 2,670 | 4D |5 4 | 7gHrianid 102.00 + |.2]¥0@%d | 95 |6 4 0,832 | 36 00 + 0,734
AF100mg 173.66 + 2.09%+0r® 172.00 + 0.96%+ 116.50 + 1.40%0x0p> | 32 33 4 0,870 24.16 -+ 0.94%%
AF200mg 168.65 4 1.11%#k¥%iH0 | |57 83 4 | g5witaionid 112,66 & || [#6id | 99 1 4 | | gsb 26.83 & | 24#%Hib
AF400mg 162.66 + 2.70%pHd | 50,33 4 | gQrinid 107.16 + | 57%e@0ed | 9833 4 | 45¥kieib 27.15 £ | 25¥xb
CF100mg 174.66 + | 45¥wk5x:0 143.16 + (.79%skx0 114,66 £ 0.7 |6566:0 | 97 5 4 () 84irdkird 32.33 4 0.55%+
CF200mg 166.33 £ 0.66%F@ R | 4] 83 0,70 wrkwHd 102,66 + 0.88%@ b | 97 |6 4 (0792 | 3633 4 (767
CF400mg 158.16 + 2.46wripsd 131.00 + (.73 #%%0 | 95 |6 4 ] 3pwwkped 26.00 + 0.73Fri0ed | 36 83 4 0 870k
GLC 5mg 94.33 4 1.80%% 82.66 + 0.7 | Freed 37.16 4 0.83+ 19.00 - 085+ 38.16 & 0.83%%

Notes: Values are expressed as mean * SEM (n=6 mice in each group). *Compared to diabetes control, "Compared to normal control. ¥p<0.05, ¥p<0.01, and **p<0.001.
Abbreviations: GLC, glibenclamide; CE, crude extract; AF, aqueous fraction; CF, chloroform fraction; DC, diabetic control; NC, normal control; 2%T 80, two percent
tween eighteen; STC, serum total cholesterol; TG, Triglyceride; HDL-c, high-density lipoprotein cholesterol; VLDL-c, very-low-density lipoprotein cholesterol; LDL-c, low-
density lipoprotein cholesterol.
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Figure | Free radical scavenging activity of the leaf extract of Hypoestes forskaolii.
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Abbreviations: SAA, scavenging percent of ascorbic acid; shef, scavenging percent for H. forskaolii.
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Figure 2 Experimentally determined IC50 values of the leaf of H. forskaolii extract and ascorbic acid.
Abbreviation: IC50, IC50 values of the tested compounds in the concentration required to scavenge 50% of DPPH free radicals.

LDsq value of the methanolic leaf extract of H. forskaolii
was found to be >2g/kg and the extract is better tolerated
and safe on oral administration.®'

The preliminary phytochemical screening of the metha-
nolic leaf extract and solvent fractions of H. forskaolii
showed the presence of saponins, tannins, Terpenoids, phe-
nols, flavonoids, glycosides, and anthraquinones. These
phytochemicals may have a protective or therapeutic poten-
tial for the treatment of diabetes via regenerating the

damaged beta cells and stopping oxidative stress on beta
cells in experimental diabetic rats.>?

In the current study, the methanolic leaf extract of H.
forskaolii and glibenclamide showed significant (p <0.001)
hypoglycemic effect in normal mice with maximum per-
centage reduction (34.1%) of BGL at a dose of 200mg/kg. It
was observed that the leaf extract at 200mg/kg exerted its
action in a non-dose dependent manner; particularly the
higher dose (400mg/kg) produced less activity. This
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observation suggests that activity might decrease with dose.
BGL reduction, probably, is the net effect of the interplay
between various constituents of the extract. It is likely that
higher doses may activate non-specifically both BGL low-
ering and raising mechanisms. Indeed, it has been reported
that the presence of interfering substances in plant extracts
may diminish hypoglycemic effect.*® This finding is in line
with Mamdouh et al of the previously observed hypogly-
cemic effect of the related family R. tuberosa in rabbit at
100mg/kg showed significant (p < 0.05) with a percentage
reduction of BGL (34.31%).>* In this study, phytochemical
analysis of the leaf extract indicated the presence of flavo-
noid, phenol, saponins, and alkaloid and these phytochem-
icals have been reported to have insulin secretion effect
from pancreatic - cells.>® Thus, the hypoglycemic effect
of the 80% methanolic leaf extract of H. forskaolii could
possibly be related to its composition.

Oral glucose tolerance test measures the body’s ability
to use glucose, the body’s main source of energy, and is
used to diagnose prediabetes and diabetes.>® In the current
study, mice treated with all test doses of extract and
positive control showed significant (p < 0.001) blood
glucose level reduction within 60 minutes. These results
suggest that the methanolic leaf extract of H. forskaolii has
antihyperglycemic activity by improving the glucose tol-
erance, by improving glucose utilization capacity within
60 minutes after extract administration. It has been demon-
strated that flavonoids act against diabetes mellitus either
through their capacity to avoid glucose absorption (inhibi-
tion of a-glycosidase activity in the intestine) or to
improve glucose tolerance,”” and this could be the possible
mechanisms of H. forskaolii extract to improve glucose
tolerance.

In the current study, the results of in vitro DPPH
scavenging assay suggested that the dose dependent radi-
cal scavenging activity of H. forskaolii could be the pos-
sible mechanism of antihyperglycemic activity of extract
since this active constituent exists in H. forskaolii. This
finding is in agreement with the previous study reported by
Mothana et al.*® Plants having potent phytochemicals
including phenolic and flavonoid compounds have strong
antioxidant properties.*® Antioxidant activities of H. for-
skaolii extract might be due to the presence of phenolic
and flavonoid compounds that have the capacity to donate
hydrogen atoms or electrons and capture the free radical.*’

In the single-dose diabetic model, 100mg/kg of chloro-
form and 100mg/kg and 200mg/kg of n-hexane fraction
showed

statistically insignificant BGL reduction as

compared with baseline blood glucose level. This might
be due to the insufficient concentration of active metabo-
lite (s) in the lower dose of 100 mg/kg in contrast to the
highest 400 mg/kg dose. Furthermore, low BGL reduction
activity was observed with n-hexane fraction when com-
pared with leaf extract and the other fraction. The possible
reason could be due to the absence of secondary metabo-
lites like alkaloids, phenols, and glycoside, which are
present in other fraction and leaf extract of H. forskaolii.
Moreover, in the single-dose diabetic model, the highest
dose of n-hexane fraction produced the least BGL reduc-
tion. This observation suggests that activity might decrease
with dose probably due to the net effect of the interplay
between various constituents of the fraction and higher
doses may likely activate non-specifically both BGL low-
ering and raising mechanisms.*"*** Due to its less BGL
reduction of n-hexane fraction, it was not further investi-
gated for their in vivo antihyperglycemic activity of
repeated daily doses on diabetic mice.

In the present work, it was observed that all tested
doses of leaf extract and solvent fractions in STZ-induced
diabetic mice significantly reduced fasting BGL upon 14
days of repeated dose administration. The maximum per-
centage reduction of BGL was observed with the highest
dose of aqueous fraction and this might be because of the
polar character of secondary metabolites such as
flavonoids,® triterpenoids,** and phenolic.*’

Excessive free radicals generated from hyperglycemia-
induced glucose autoxidation and protein glycosylation play
an imperative role in DM pathogenesis.*® Preceding studies
revealed that different plant extracts have shown pancreas [
cell-protective activity due to their antioxidant activities*’ and
this could be the possible mechanism to lower blood glucose
levels for H. forskaolii since it has antioxidant activity.

Previously, studies have been done on the same family of
the plant. For instance, the antidiabetic activity of p. orientale
was well known in normal, glucose loaded and STZ induced
diabetic mice and the results have revealed a significant (P <
0.001) decrease in blood sugar level by the enhancement of
pancreatic secretion of insulin from B- cells of islets in the
streptozotocin-induced rat and again significantly reduces the
serum cholesterol level (P < 0.01) in STZ diabetic mice.*
The present study is in line with this study as H. forskaolii
has those effects and belongs to the same family. This finding
was not in line with another study which reported that the n-
hexane fraction had moderate glucose-lowering activity.**

In the current study, STZ-induced diabetic mice devel-
oped significant hyperglycemia, bodyweight loss, and

Journal of Experimental Pharmacology 2021:13

869

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wakene et al

Dove

diabetic dyslipidemia. In the STZ-induced diabetic mice,
bodyweight loss is due to increased protein catabolism
secondary to insulin deficiency.* Previous studies demon-
strated that various plant extracts improved body weight
loss in STZ-induced diabetic animals.’® In this study, all
the tested dose of extract and fractions showed significant
(p < 0.001) improvement in body weight suggesting that
the plant extract possibly could have protective effects
against protein catabolism and muscle wasting possibly
due to the enhancement of insulin secretion and/or action,
and then improvement of glycemic control.

Lipoprotein lipase which can degrade TG and VLDL is
less active in diabetic patients due to insulin deficiency
that leads to the development of diabetic dyslipidemia.®'
In diabetes; hyperlipidemia is featured with enhanced TG,
TC, LDL, and VLDL and decreased HDL cholesterol
levels. These changes increased the risk of coronary
heart disease in patients with DM.>?

In the current study, repeated dose administration of all
tested doses of extract and solvent fractions for 14 days
significantly (p < 0.001) decreased STC, STG, VLDL-C,
and LDL-C levels and elevation of HDL-C level in a dose-
dependent compared to diabetic control. The possibilities
could be due to improved glucose utilization in the dia-
betic mice and the plant extract may have a direct effect on
lipid absorption and metabolism that can lead to the

improvement of diabetic dyslipidemia.>®

Conclusion

This study revealed that the 80% methanolic leaf extract,
aqueous fraction, and chloroform solvent fractions of H.
forskaolii have shown significant lowering of blood glucose
level on diabetic, normoglycemic, and oral glucose loaded
mice and bodyweight improved in diabetic mice. The results
also revealed that the n-hexane fraction has low blood glu-
cose reduction in streptozotocin-induced mice.

The results also verified that free radical scavenging
activity by the extract may contribute to the antihypergly-
cemic and antihyperlipidemic activity.

The results provide scientific support for the use of the
plant in folk medicine for the management of diabetes and
its associated complications. H. forskaolii would be pro-
mising for further clinical studies in the management
of DM.
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